By measuring the halothane concentrations in samples of air from three different operating theatres during routine operating lists the pattern of spread of the waste anaesthetic gases has been demonstrated. The results show that in all the theatres there was a spread of halothane from its point of escape from the anaesthetic circuit to all parts of the theatre air. A turbulent flow ventilation system produced an uneven spread with the greatest concentrations in the zone of air breathed by standing personnel. A downward displacement system produced a more even spread throughout the theatre but with a much reduced general level of pollution.
By measuring the halothane concentrations in samples of air from three different operating theatres during routine operating lists the pattern of spread of the waste anaesthetic gases has been demonstrated. The results show that in all the theatres there was a spread of halothane from its point of escape from the anaesthetic circuit to all parts of the theatre air. A turbulent flow ventilation system produced an uneven spread with the greatest concentrations in the zone of air breathed by standing personnel. A downward displacement system produced a more even spread throughout the theatre but with a much reduced general level of pollution.
The two types of ventilation system in use in operating theatres in British hospitals today are turbulent flow and downward displacement systems (Brock, 1964; Williams, 1962) and both are designed to eliminate bacterial contamination from the theatre air. The turbulent flow system has inlet ports in the walls of the operating room through which streams of air are directed towards the operating table. These, combined with the rising currents of air generated by the heat of the theatre lamp and the body heat of the surgical team, produce turbulence which disperses and dilutes any bacterial contaminants liberated into the room, which are then removed by the air escaping through exit ports in the walls of the room. The downward displacement type of system has several high level inflow and low level outflow ports and the direction of air movement is from above downwards producing a "piston effect" which removes any air contaminants. The rising convection currents oppose the downward flow of air and produce turbulence in the centre of the room which reduces the "piston effect" and tends to spread any contaminants to other parts of the room.
In the same way as airborne bacteria are swept away by the currents of air so the waste volatile anaesthetic agents which escape into the theatre air are dispersed and removed.
This study demonstrates the concentrations of halothane and its distribution in the air of three operating theatres, with different designs of ventilating systems, during their routine use. The degree of exposure of the personnel working in the theatre was assessed by measuring the halothane content of expired air samples, taken at the same time as theatre air was sampled, from the anaesthetist or the surgeon, whoever was closer to the expiratory valve of the anaesthetic circuit, and from one of the nurses who had been working in the theatre during the operation.
The operating theatres.
Theatre 1 ( fig. 1 ) was built about 15 years ago and has not been modified since. It measures 6.10x5.18x3.81 m, and has a turbulent flow type of ventilation system producing ten changes of air every hour. The single input vent is high on one wall in one corner of the theatre and air escapes through two doorless exits and beneath two sliding doors all at the same end of the theatre as the input vent. There is a sealed window in one wall. The theatre is not unpleasant to work in but tends to be cold in cold weather and hot when the weather is hot.
Theatre 2 ( fig. 2) mushroom-shaped diffusers in the ceiling. The air passes downwards and escapes through spaces below the doors in three of the walls, and through four outlets in the walls close to the floor, which are provided with a small degree of negative pressure to aid the flow of air. The air escaping under the doors passes into the corridors of the operating suite and into the anaesthetic room where there are more wall outlets provided with a small negative pressure. Except during very hot weather, when the theatre becomes unpleasantly hot, it is a most pleasant theatre to work in. Ltd, 6.10X4.57X2.44 m, complete with floor and was suspended within a large room. Ventilation was a turbulent flow system producing twenty changes of filtered air every hour through a single inflow vent at chest height in one wall of the theatre. There was a single small outflow vent, 15x5 cm close to the floor on a wall diagonally opposite, but most of the air escaped through the doorways as doors were frequently left partly open. There were no windows and light from outside diffused through the plastic material from which the tent was made. The temperature and humidity of the air could be varied and this was a comfortable theatre in which to work. Unfortunately it was dismantled before the studies were complete.
METHOD
Samples of air were collected at three different horizontal levels; at 1.52 m, the head level of personnel standing in the theatre; at 1.15 m, the breathing zone of a seated person and the level at which the expiratory valve normally discharges waste gases into the theatre air; and at 8 cm, close to the floor. The samples of air were collected from operating theatres during the course of routine operating lists. In every case the anaesthetist was using a fresh gas flow of 7 litres/min through a Magill semi-open circuit with the patient breathing spontaneously. Anaesthesia was maintained in every case using 1.5% halothane from a Fluotec vaporizer with nitrous oxide and oxygen, and on each occasion all the sampling was done as quickly as possible at least 15 min after the start of the anaesthetic. Air samples were taken from:
(1) the centre of each quadrant of the theatre starting at the quadrant to the left of the patient's head and proceeding in a clockwise direction around the theatre (three levels); (2) above or below the expiratory valve of the anaesthetic circuit (8 cm and 1.52 m);
(3) close to the surgeon or anaesthetist, whoever was positioned nearer to the expiratory valve (1.15 m and 1.52 m).
At the same time samples of expired air were collected from the anaesthetist or surgeon, whoever was closer to the expiratory valve, and from one nurse who had been moving about the operating theatre during the operation. Three operating theatres were examined in this manner, each with a different pattern of ventilation system. Theatres 1 and 2 were examined each on four occasions. The results obtained from theatre 1 are presented in table I. The mean of the results obtained on the four occasions when theatre 2 was examined are presented and compared with those for theatre 1 in table II.
Theatre 3 was examined on only three occasions. On the first and second occasion there was a new air filter in the ventilation plant, while on the third occasion, four months later, the filter was very soiled and causing an obstruction to the free passage of air through the plant. On the second occasion a modified expiratory valve was used to divert the waste gases via a length of corrugated tubing to floor level in quadrant 4 where they escaped into the room air. These results are presented in table II. Before further examinations of this theatre could be made it was dismantled.
Gas analyses.
The analysis of the gases was carried out using a Pye 104 gas chromatograph employing the technique of Allott, Steward and Mapleson (1971) . A 1% gas standard was freshly prepared for each batch of samples and the equipment was checked, and found to be linear over the working range.
The gas samples were drawn up in 20-ml, glass, unlubricated (dry) syringes with nylon threeway stopcocks fitted to the nozzles. The syringes were flushed several times before drawing in a 10-ml sample of the operating theatre atmosphere, the nylon stopcock was closed to the syringe contents and the sample was stored before analysis. All the analyses were completed within 2 hours of the collection of the samples.
The syringes were tested for leakage with time using a 1% gas concentration and a 0.001% (10 p.p.m.) gas concentration. The syringe containing 1% halothane had linear rate of loss of 2.5% of the initial concentration per hour while those containing 0.001% halothane lost 4% (2.5% if one "rogue" result is excluded) of the initial concentration per hour.
These results for loss of halothane with time are in disagreement with the findings of Herchl (1970) . He found marked changes in halothane concentration in glass syringes after only 15 min (8.22% relative change from an initial concentration of 0.9% halothane) and these changes were concentration-dependent, with the lower halothane levels producing the greatest changes.
The only point that can be made concerning the contrasting results is that clearly something in Herchl's apparatus was absorbing, or adsorbing, halothane very quickly, but the results of the present study suggest that it is unlikely to have been the glass syringes.
RESULTS AND DISCUSSION
The escape of waste anaesthetic gases from the anaesthetic circuit during each of the surgical operations at the time when measurements were made was standardized by using identical anaesthetic circuits with the same fresh gas flow and halothane vaporizer settings. By measuring the halothane concentrations in the different quadrants of the theatre at different levels above the floor, the pattern of spread of the anaesthetic gases was demonstrated.
The results are presented in tables I and II. In all the theatres there was a zone of high concentration of halothane close to the point of discharge of the anaesthetic gases at the expiratory valve of the Magill circuit. The halothane content of samples taken very close to the expiratory valve on ten different occasions in the operating theatres ranged from 6900 p.p.m. to less than 10 p.p.m. depending on whether the sampling was done during inspiration or expiration. The measurements from the samples taken near the anaesthetist or surgeon were more consistent and represented the air he breathed. In some of the theatres the expired air of this person contained more halothane than the air sampled close to his face. It may be that normal movement brought them closer to the expiratory valve than the position from which room air was sampled.
The concentrations of halothane in the air in theatre 2 were less than in the other two theatres and this was associated with a reduced halothane content in the expired air samples of the theatre staff. In theory the downward displacement ventilation system in theatre 2 should be more effective than the turbulent flow system in the other theatres in removing air contamination from a single source since the "piston effect" sweeps the anaesthetic gases floorwards and out of the room. The effectiveness of this mechanism is reduced by the rising air currents and turbulence near the theatre lamp and surgical team with the result (table II) that there is a spread of halothane to all parts of the room but with a much reduced concentration compared with the other theatres. The turbulent flow systems of ventilation would appear to spread the halothane throughout the room with pockets of higher concentrations in areas remote from the expiratory valve, as found in some quadrants in theatres 1 and 3. After dispersing the anaesthetic gases this type of system was found to be less effective than the downward displacement system in flushing out the contaminants and this resulted in higher overall concentrations of halothane in the theatre air.
In theatre 3 air was sampled under three different conditions and the results cannot be regarded as definitive. Ducting the expired gas away from the operating team (table II, theatre 3) did not prevent overall contamination of the theatre air; but while the halothane concentrations were greater than the mean values for theatre 2, they were lower than those which were recorded in this theatre on the two other occasions when air was sampled. This would appear to be a simple and inexpensive way of reducing but not avoiding theatre air pollution.
At the time when the last sampling took place, some four months after the first two occasions, the air filter of the ventilation system was badly contaminated with paniculate matter and the air flow into the theatre was reduced. This was associated with an increase in the theatre halothane concentrations and a marked increase in the halothane content in the expired air samples. This suggests that the level of contamination is influenced by the amount of ventilation and that it is important to ensure the efficiency of the ventilation system by frequent changes of the air filters.
The characteristics of the theatres are summarized in table III. The turbulent flow systems of operating theatre ventilation which we have examined are much less effective in removing anaesthetic gases from the theatre air than the downward displacement system. However, the latter was by no means able to eliminate the problem.
Since the safe level of air contamination by the volatile anaesthetic agents is not known and since operating theatres should provide the best possible conditions for the staff as well as for the patient, efforts should be made to provide ventilation systems which remove the waste anaesthetic gases completely. The health hazard associated with working in operating theatres (Editorial, 1972) makes the solution to the pollution problem urgent.
